The Erwiniaceae contain many species of agricultural and clinical importance. Although relationships among most of the genera in this family are relatively well resolved, the phylogenetic placement of several taxa remains ambiguous. In this study, we aimed to address these uncertainties by using a combination of phylogenetic and genomic approaches. Our multilocus sequence analysis and genome-based maximum-likelihood phylogenies revealed that the arsenate-reducing strain IMH and plant-associated strain ATCC 700886, both previously presumptively identified as members of Pantoea, represent novel species of Erwinia. Our data also showed that the taxonomy of Erwinia teleogrylli requires revision as it is clearly excluded from Erwinia and the other genera of the family. Most strikingly, however, five species of Pantoea formed a distinct clade within the Erwiniaceae, where it had a sister group relationship with the Pantoea + Tatumella clade. By making use of gene content comparisons, this new clade is further predicted to encode a range of characters that it shares with or distinguishes it from related genera. We thus propose recognition of this clade as a distinct genus and suggest the name Mixta in reference to the diverse habitats from which its species were obtained, including plants, humans and food products. Accordingly, a description for Mixta gen. nov. is provided to accommodate the four species Mixta calida comb. nov., M. gaviniae comb. nov., M. intestinalis comb. nov. and M. theicola comb. nov., with M. calida as the type species for the genus.
INTRODUCTION
The recently described bacterial family Erwiniaceae includes organisms with very diverse lifestyles [1] . It contains, at the time of writing, the genera Erwinia, Pantoea, Phaseolibacter, Tatumella, Buchnera and Wigglesworthia [1] . Of these genera, the best known and most widely sequenced are Erwinia, Pantoea and to a lesser extent Tatumella. Erwinia was first described in 1920 [2] [3] [4] as a bacterial group containing plant pathogens, with Erwinia amylovora as the type species [5] . Taxonomic revision of this group later resulted in the description of a number of additional species, nearly all of which are associated with plants in a pathogenic manner [6] [7] [8] [9] [10] [11] . These subsequent studies also led to the transfer of species to various genera within the Enterobacterales [1] , particularly Pantoea which was described in 1989 with Pantoea agglomerans as the type species [12] . Since then additional Pantoea species have been described, with isolates ranging from fungal and insect associates [13] [14] [15] , to plant [16, 17] and human pathogens [18, 19] , bringing the total number of species with validly published names to 25 with a further five described species without validly published taxon names [13, 14, 20] . Tatumella was described in 1981 with Tatumella ptyseos, a human pathogen, as the type species [21] . This was followed by the transfer and description of five additional species isolated from soil, fruit and clinical samples [22, 23] , resulting in a total of six species within this genus.
The relationships between genera in the Erwiniaceae have been contentious [1, 7, 16, 18, 22, [24] [25] [26] [27] [28] , although monophyletic groups for each genus can generally be recovered, especially Pantoea, Erwinia and Tatumella [16, [27] [28] [29] [30] . There are, however, still a number of uncertainties regarding the taxonomic position of several taxa previously identified as members of these genera. This is evident from the fact that, despite some isolates being denoted as part of certain genera, later studies repeatedly contradicted these taxonomic designations. Examples of these include 'Pantoea cedenensis' [8, 31, 32] and Pantoea sp. IMH [6, 28] . Additionally, some taxa are also phylogenetically independent from these genera, such as Pantoea calida and Pantoea gaviniae [28] . These previous studies thus suggest that one or more of these genera are polyphyletic as currently circumscribed.
A primary criterion for describing taxa at the genus and higher taxonomic levels is monophyly based on molecularbased phylogenetic studies [33] [34] [35] . Evaluation of the monophyletic condition is, however, dependent on the availability of a robust phylogenetic hypothesis for the taxa of interest. To generate such hypotheses, researchers typically endeavour to minimize stochastic and systematic error during phylogenetic analyses [36] [37] [38] . Stochastic error refers to the use of too little information for obtaining sufficient resolution, while systematic error refers to non-phylogenetic signal that causes tree reconstruction artefacts [36] [37] [38] [39] . In general, the use of more characters (i.e. DNA bases or amino acid residues) lessens the effect of stochastic error [37, 38, 40] . Also, the use of appropriate ingroup and outgroup taxa decreases the effect of systematic error, because increased character sampling without appropriate taxon sampling severely impacts phylogeny reconstruction [37, 38, 40, 41] .
In this study, we addressed some of the current uncertainties regarding the taxonomic position of various Pantoea strains and species. Our first aim was therefore to position these taxa within the phylogenetic hypothesis for Pantoea, Erwinia and Tatumella. To achieve this, we sequenced the genome of Pantoea theicola QC88-366
T to supplement the wide array of available genome data for these genera (see Table 1 for species and references). These genome data were then used to reconstruct a maximum-likelihood phylogeny based on the genes shared by the sequenced members of these genera and the outgroup. For comparative purposes, we also inferred the corresponding phylogenetic tree including almost all of the species in the respective genera by using the multilocus sequence analysis (MLSA) protein sequences [26] routinely employed within the Enterobacterales. Our second aim was to determine the physiological pathways and processes probably characterizing the uncertain taxa. This was achieved through core gene set comparisons of the respective taxa and the inference of functional categories by making use of Kyoto Encyclopedia of Genes and Genomes (KEGG) annotations. Finally, we provide descriptions for a proposed new genus (i.e. Mixta gen. nov.) and its species.
METHODS
Genome sequencing of P. theicola QC88-366 T The type strain of P. theicola [42] was grown on tryptone soy agar at 28 C for 2 days. DNA extraction was performed using the CTAB (cetyl trimethylammonium bromide) method previously described by Steenkamp and colleagues [43] . Total genomic DNA was sent for sequencing on the Ion-Torrent PGM platform using an Ion PI chip, with 200 bp chemistry, at the University of Pretoria Sequencing Facility. Raw genome data were trimmed and filtered with FastX Tools v. 0.0.13, followed by assembly with Spades v. 3.9.0 with an optimal k-mer of 127 bp. The assembled genome was annotated using the RAST platform (available at http://rast.nmpdr.org/).
Average amino acid identity
As a measure of relatedness between isolates, average amino acid identity (AAI) values were determined between all genome sequences analysed in this study. To calculate AAI values the Efficient Database framework for comparative Genome Analyses using BLAST score Ratios (EDGAR) server [44] was used. This was done by determining all pairwise shared gene sets between genomes and calculating the mean amino acid similarity for homologous genes.
Phylogenetic analyses
Two rounds of phylogenetic analyses were performed. The first utilized the inferred protein sequences for the MLSA genes atpD, gyrB, infB and rpoB. The dataset for this analysis included the sequences for species (taxon names with and without valid publication) of Erwinia, Pantoea, Phaseolibacter and Tatumella, as well as the outgroup taxa ( Table 2) . The respective nucleotide sequences were obtained from the database of the National Centre for Biotechnology Information (NCBI; accessed 20 May 2017; http://www.ncbi.nlm. nih.gov/). Where these sequences were not available in NCBI, the corresponding data were extracted from the genome sequences. Individual nucleotide sequence sets were translated to amino acids in BioEdit 7.0.9.0 [45] and aligned with MAFFT v. 7.310 [46] . The aligned files were concatenated and partitioned using FASconCAT-G v. 1.02 [47] , with the appropriate amino acid model of evolution for each partition determined by ProtTest 3.4 [48] . This dataset was then subjected to maximum-likelihood analysis with RAxML v. 8.2.1 [49] where branch support was inferred from 1000 bootstrap replicates.
The second phylogenetic analysis utilized the protein sequences for all of the genes that are shared by representatives of the ingroup and outgroup taxa included in this study (Table 1) . For this, the EDGAR server [44] was used. Individual protein sequence sets were batch-aligned with MUSCLE [50] in CLC Main Workbench 7.6 (CLC Bio). These alignments were then concatenated, partitioned with appropriate substitution model parameters, and subjected to maximum-likelihood phylogenetic analysis as described above.
Genome-inferred traits EDGAR was used to determine the shared gene content in each of Pantoea, Erwinia, Tatumella and Mixta gen. nov. (see below). Each gene set was then subjected to functional annotation with the KEGG database (5 June 2017; [51] ) using BlastKOALA [52] . An overview metabolic map for each genus was investigated to identify reactions conserved in each of the respective genera. From these metabolic reactions, only those conserved in a single genus were further investigated. The genes encoding the enzymes involved in these reactions were then compared to the original genomes of the remaining three genera to confirm the presence or absence of these genes, using BLAST analyses [53] . The full gene set consisting of all genes present in the genomes of taxa investigated in this study were used to identify genes unique to and shared by all members of the novel genus (see below). All genes occurring in the genomes of at least one taxon outside this monophyletic group were excluded from further analyses. Of these uniquely shared genes, those with no KEGG annotations were subjected to Blast2GO v. 4.1 [54] analyses to identify potential functional associations for these genes.
RESULTS
Genome sequence of P. theicola QC88-366 T Sequencing of the P. theicola genomic DNA via the Ion-Torrent platform yielded a total of 16 449 283 single-ended reads.
After trimming and quality filtering a total of 15 973 352 reads could be assembled into a draft genome consisting of 4 291 230 bp. The assembly consisted of 72 scaffolds with a minimum coverage of 699Â and an median contig length of the genome assembly (N50) of 278 310 bp. The draft genome assembly is available from the National Centre for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov/) under accession number NWUO00000000.
Average amino acid identity
From AAI calculations, it could be observed that members of the respective genera were overall more closely related to each other than to members of different genera (Table S1 , available in the online version of this article). Interspecies AAI values for each of the genera ranged from 79.06 % (E. toletana vs E. tracheiphila) to 95.36 % (P. agglomerans vs P. vagans). As was seen from previous average nucleotide identity analyses [28] , intergeneric comparisons between Tatumella and its closest relatives were noticeably lower (71.9-75.19 %) than equivalent intergeneric comparisons involving the other three genera. For Erwinia, Mixta and Pantoea, intra-and intergeneric AAI values were comparable.
Phylogenetic analyses
Taxon selection was based on the availability of gene and whole genome sequences for the ingroup and outgroup taxa. All members of the Erwiniaceae with sequences available for at least three of the four genes, atpD, gyrB, infB and rpoB, were included for MLSA. Representatives of the phylogenetic diversity of Erwinia, Pantoea and Tatumella with available genome sequences were included in genome-based phylogenetic analyses. Outgroup taxa were selected from the Enterobacterales, in the families Enterobacteriaceae, Pectobacteriaceae and Yersiniaceae [1] . From these families, type strains of type species of nine genera with available MLSA and genome sequence data were selected for outgroup purposes. To avoid potential tree-building artefacts such as long-branch attraction, we did not include isolates of Buchnera and Wigglesworthia, as well as the recently described Candidatus Pantoea carbekii, in any of the analyses, as homologues of only a single gene for some taxa were present. These taxa are rapidly evolving obligate insect endosymbionts that have undergone extensive genome streamlining through gene loss yielding very small genomes [55] [56] [57] [58] [59] , and are thus not suitable for comparison based on genome content.
The concatenated MLSA dataset consisted of 68 taxa and 3552 amino acid residues (Table S2) . Maximum-likelihood phylogenetic analysis of the dataset separated the ingroup taxa into four clades receiving 70-100 % bootstrap support (Fig. 1) . The first three clades broadly corresponded to Pantoea (with 25 taxa), Erwinia (with 20 taxa) and Tatumella + Phaseolibacter (six Tatumella species formed a clade with Phaseolibacter flectens as its sister taxon). The main exceptions were Pantoea strains IMH [60] and 'Pantoea cedenensis' ATCC 700886 [8] , as well as the recently described Erwinia teleogrylli SCU-B244 T [61] . Strains IMH and ATCC 700886 were nested within the Erwinia clade, while E. teleogrylli was nested among the outgroup taxa. The fourth clade received 100 % bootstrap support and had a sister group relationship with the overall Pantoea + Tatumella + Phaseolibacter clade. This fourth clade included five isolates previously described as members of Pantoea, i.e. 'P. alhagi' [20] , P. calida [62] , P. gaviniae [62] , P. intestinalis [19] and P. theicola [42] , and corresponds to Mixta gen. nov., which we propose in this study.
The phylogenomic dataset was reconstructed from the genes shared among the genomes of the 46 taxa (37 ingroup and nine outgroup) included in this study. It consisted of 350 738 amino acids spread across 1044 proteins (Table S2) . Maximum-likelihood phylogenetic analysis of this dataset generated a tree in which most nodes received 100 % bootstrap support (Fig. S1 ). The only exceptions were three branches within the Pantoea clade. In addition, it differed somewhat from the MLSA tree in terms of certain relationships within the Pantoea clade (i.e. the positions of P. eucalypti, P. anthophila and Pantoea sp. A4) and within the Erwinia clade (i.e. the positions of E. mallotivora, strain IMH and E. tasmaniensis). Overall, however, the genome-based tree supported the same phylogenetic hypothesis as the MLSA tree as it also separated the ingroup taxa into four clades corresponding to the three existing genera and one new genus. The latter included only the four taxa ('P. alhagi', P. calida, P. gaviniae and P. theicola) for which genome sequences are available. This tree did not include 'P. cedenesis' ATCC 700886 or E. teleogrylli, while Pantoea sp. IMH was placed in the Erwinia clade.
Genome-inferred traits
To identify and compare genome-inferred phenotypic traits among the respective genera, the core gene sets (i.e. genes shared by all members of a genus) were identified before annotation. Based on these analyses, the Pantoea core contained 1861 genes, the Erwinia core contained 1644 genes and the Tatumella core contained 2195 genes, while the Mixta core contained 2628 genes (Fig. S2 ). For these core gene sets, approximately 80 % (ranging from 78.7 % for Mixta to 87.5 % for Erwinia) could be functionally annotated using KEGG (Fig. S2) . In all four core gene sets, the highest numbers of genes were involved in 'genetic information processing', followed by 'environmental information processing', with the third highest number of genes being unclassified (Fig. S2) .
Comparison of the functional annotations revealed a number of characteristics common to all members of a specific genus (Fig. 2 and Table S3 ). Three of these characteristics were only present in a single genus. These included the interconversion of L-histidine to urocanate (a potential photoprotectant) and ammonia (coded for by hutH) and hypoxanthine to xanthine (purines; catalysed by xanthine dehydrogenase, EC 1.17.1.4) present in all members of Mixta, and the conversion of 5-hydroxy-2-oxo-4-ureido-2,5-dihydro-1H-imidazole-5-carboxylate to S-allantoin and CO 2 [catalysed by 5-hydroxy-2-oxo-4-ureido-2,5-dihydro-1H-imidazole-5-carboxylate carboxy-lyase/OHCU decarboxylase (PRHOXNB)] solely present in members of Tatumella. Two reactions were also present in all members of some genera and absent from others, such as the conversion of S-malate to pyruvate (R00214; catalysed by malate dehydrogenase; present in Pantoea, Mixta and Erwinia) and g-glutamyl-g-aminobutyraldehyde to 4-(L-g-glutamylamino)-butanoate (R07417 and R07418; encoded by puuC; present in Pantoea and Tatumella).
A number of reactions were present in members of all four genera, although these functions were often present only in some members of the respective genera (Fig. 2) . Examples of these reactions are those catalysed by the gene products of puuD (present in all members of Pantoea and Mixta and some members of Erwinia), gatA (present in all members of Tatumella and some members of Pantoea), rspB (present in Mixta and some members of Pantoea and Erwinia), speG (present in Tatumella and Mixta and members of Pantoea and Erwinia) and bioF (present in Erwinia and members of Mixta, Pantoea and Tatumella) (Fig. 2) . The majority of the genes present in some members of all genera were involved in 'pentose and glucuronate interconversions', followed by 'starch and sucrose metabolism', with the third highest number of genes involved in 'histidine metabolism' (Fig. 2) .
We also attempted to infer possible functions for the fraction of Mixta-specific genes that could not be functionally annotated using KEGG. Among the 21.3 % of Mixta genes (559 of 2628) lacking homologues in the KEGG database, only 46 were uniquely present in the members of Mixta (Table S4) . Based on the Blast2GO analyses conducted on these genes, 26 genes could be annotated, while BLAST hits were obtained for 19 genes without annotation, with one gene having no similarity to genes in the non-redundant database. By examining the Gene Ontologies (GO), the highest number of genes (12) could be annotated as 'integral component of membrane' under cellular components, while three genes each were involved in 'oxidation-reduction processes' and 'transcription regulation' under biological processes (results not shown).
DISCUSSION
This study provided insight into the phylogenetic placement of a number of contentious taxa within the assemblage containing Erwinia, Pantoea, Tatumella and Phaseolibacter. Based on the robust evolutionary hypothesis obtained for this group of taxa, both Erwinia and Pantoea are polyphyletic as currently circumscribed. Our findings indicated that E. teleogrylli is not related to any of the four genera and that it requires taxonomic revision. More Fig. 1 . Maximum-likelihood phylogeny for members of Mixta gen. nov., Erwinia, Pantoea, Tatumella and Phaseolibacter, with appropriate outgroup taxa, reconstructed from the protein sequences of the genes atpD, gyrB, infB and rpoB. Full-length sequences for isolates with available genomes (indicated in bold), together with partial sequences of the type strains of other species, were used to reconstruct a partitioned, concatenated data matrix, with the appropriate amino acid model of evolution applied to each partition. Branch support was inferred from 1000 bootstrap replicates, with support values >70 % indicated with dots. Asterisks indicate species names that have not previously been validly published. Colours indicate the genera Pantoea (green), Tatumella (blue), Mixta gen. nov. (red) and Erwinia (yellow). Scale bar indicates the number of nucleotide changes per site.
importantly, however, P. calida, P. gaviniae, P. intestinalis and P. theicola, together with 'P. alhagi', form a monophyletic and exclusive cluster within the Erwiniaceae. Our phylogenies clearly showed that it represents a unique clade with a sister group relationship to the Pantoea + Tatumella + Phaseolibacter clade.
Two approaches are available to achieving the monophyly of Pantoea. The first is to amalgamate Pantoea, Tatumella, Phaseolibacter and their sister clade (containing the five Pantoea species) into a single genus to accommodate all current taxon names with standing in nomenclature of Pantoea, Tatumella and Phaseolibacter species. However, apart from being associated with multiple species name changes, such a procedure would be incompatible with the known biological separation of these genera. The second approach is to recognize all of the monophyletic assemblages as distinct. Indeed, Pantoea has repeatedly been shown to be definitively distinct from Tatumella based on physiological and genomic properties [22, 28] .
The phylogenetic hypothesis presented in this study was inferred with a methodology that limited the possible impact of stochastic and systematic errors [36, 38] . In fact, the different, and often incongruent, MLSA phylogenies reported for Erwinia, Pantoea and Tatumella [6, 7, 19, 42, 62] indicate a general failure to appropriately account for such errors during the tree-building process. For Erwinia and Pantoea this is especially true regarding (i) the types of characters used, (ii) the tree-building methods and (iii) outgroup selection. In terms of the types of characters used, the description of E. gerundensis [6] provides an example of Fig. 2 . Genes that were differentially present in the genomes of members of the genera Pantoea, Tatumella, Mixta gen. nov. and Erwinia. The ordering of taxa and coloured sections correspond to the phylogeny reconstructed from the MLSA (Fig. 1) . Asterisks indicate species names that have not previously been validly published. Genes are ordered based on their functional class. Blue blocks indicate the presence of genes, while white blocks indicate the absence of genes in some species of the genus, darker blue blocks indicate the presence of genes throughout a genus, while navy blue blocks indicate multiple copies in the genome. Reaction numbers correspond to reactions in the KEGG database.
where trees inferred from nucleotide characters and amino acid residues differed markedly. This is, however, not uncommon as the higher levels of substitution saturation associated with third codon bases in nucleotide datasets often detracts from the robustness of nucleotide-based phylogenies [28, 36, 38] . In terms of tree-building methods, most of the disparities between published phylogenies for the five taxa included in Mixta are due to the use of distance-based methods such as neighbour-joining (NJ) [19, 20, 42, 62] . For the descriptions of these species, NJ-based MLSAs were done in which they grouped closely with P. septica, nested within the bigger Pantoea clade. Although NJ phylogenies may be accurate [63] , they are exceptionally sensitive to long-branch attraction, particularly when only a limited number of taxa are included [64] , which explains the spurious positions of the Mixta species in these previous trees.
The third prominent reason why MLSA trees for Erwinia, Pantoea and Tatumella often differ pertains to the taxa used for outgroup purposes. In phylogenetic analyses, the outgroup is the reference taxa with which a tree is rooted [38, 65] , and their selection can have profound effects on the ultimate evolutionary hypothesis [37] [38] [39] [40] . A good example of where outgroup selection influenced the tree is in the description of E. teleogrylli [61] . In their analysis, the authors [61] rooted their collection of ingroup taxa (consisting of Erwinia, Pantoea and Tatumella species) with Escherichia coli, which essentially forced their new taxon to erroneously associate with Erwinia in the ingroup. Upon inclusion of a wide selection of outgroup taxa from the Enterobacterales, we showed that E. teleogrylli is probably not a member of the Erwinia + Pantoea + Tatumella + Phaseolibacter assemblage. Future research should thus investigate the taxonomy of E. teleogrylli and also the monophyly of the broader Erwiniaceae by making use of suitable outgroup taxa.
The generic name Mixta is proposed for the novel genus, due to the mixture of different lifestyles of species in the genus. Two species, M. calida and M. gaviniae, were originally isolated from infant formula and its production environment [62] and have since been isolated from other environments [28, 66] . Additionally, 'P. alhagi' and M. theicola were originally isolated from plants, where 'P. alhagi' was associated with plant growth promotion and drought tolerance [20] and M. theicola was isolated as a potential endophyte of black tea [42] . Furthermore, M. intestinalis was isolated from the faecal samples of healthy humans [19] . Based on initial studies, the pathogenic abilities of these species are unclear, although M. calida has been associated with post-operative meningitis [66] .
Two additional strains denoted as Pantoea, Pantoea sp. IMH and 'P. cedenensis', are clearly members of Erwinia, as has been noted previously [6, 8, 28, 31, 32] . Although 'P. cedenensis' has been deposited in a number of culture collections, it has not yet been described and the taxon name validly published and thus cannot be transferred to Erwinia. Initially, this organism was isolated from olive knots in association with Pseudomonas savastanoi from Spain, although various isolates have since been found in association with bark beetles [67, 68] . Similarly, Pantoea sp. IMH has not been described as a species and thus cannot be transferred to Erwinia. This strain has been isolated from soil contaminated with arsenic from China and shows potential for bioremediation of this compound [60, 69] .
As the genomes of 'P. alhagi', M. calida and M. gaviniae [28] were available, we sequenced genomic DNA for M. theicola. Overall, the genome of M. theicola is comparable to those of the other members of the genus in terms of size and number of genes. The size of the genome for M. theicola was 4.29 Mb, while the other genomes in the genus ranged from 4.23 Mb for M. calida to 4.44 Mb for M. gaviniae. In total, 4217 genes were predicted for M. theicola, with the smallest of the additional genomes (M. calida) having 4088 genes predicted and the largest (M. gaviniae) having 4589 genes predicted. Further assembly statistics were also comparable to the genomes of 'P. alhagi', M. calida and M. gaviniae [28] . Due to regulatory restrictions, M. intestinalis as a potential human pathogen could unfortunately not be imported for genome sequencing. The availability of these genome sequences allows more robust inferences regarding phylogenetic relationships and provides us with the opportunity to investigate genome evolution in these taxa and infer biological traits from genome data. Characteristics inferred at the genome level provided more comprehensive data on the uniqueness of Mixta because the currently available database of phenotypic characters for Pantoea and its relatives is incomplete (Table S5 ). Based on the literature, no unique typically examined physiological traits were observed for Mixta [13, 14, 16-20, 22, 23, 27, 42, 61, 62, 70-72] . Similarly, various genome-inferred traits were displayed by all members of the novel genus, but were displayed only by some species in the closely related genera, such as aesculin hydrolysis and utilization of maltose. There were, however, a number of differences at the genome level between Mixta and the closely related genera, such as the interconversion of L-histidine to urocanate and ammonia and the catalysis of hypoxanthine to xanthine. Overall, the majority of genes annotated were involved in various genetic and environmental information processing, as can be expected for the core genomes of genera [73] [74] [75] . Various annotated genes were also present in all members of Mixta, with some genes (including hypothetical genes) occurring solely in members of Mixta. Although many of these genes are not yet characterized, these gene and protein sequences may be used as delineation tools in conjunction with phylogenetic approaches due to their exclusivity to Mixta amongst members of this assemblage.
The increased availability of whole genome sequence data presents the opportunity to perform phylogenomic analyses providing highly supported, robust phylogenies to form the base of taxonomic decisions. In addition, the genomes of novel taxa can be interrogated for unique characteristics, which are often absent following routine phenotypic tests. In this study a highly supported, robust phylogenetic hypothesis was obtained from genome data, and was overall congruent with the MLSA based on protein sequences. The cohesive monophyletic group in question was also supported as separate from the closely related genera Erwinia, Pantoea and Tatumella, based on characteristics inferred from the genome. We propose the generic name Mixta gen. nov. (with the following new combinations: Mixta calida comb. nov., Mixta gaviniae comb. nov., Mixta intestinalis comb. nov. and Mixta theicola comb. nov.), with Mixta calida as the type species.
DESCRIPTIONS
Description of Mixta gen. nov. Mixta (Mix¢ta. N.L. fem. n. Mixta the mixed one, referring to the mixed lifestyles of species in the genus).
Phenotypic descriptions are inferred from the literature (Table S5) As inferred from genome comparisons, all members of the genus possess the following genes: araA, araB, bcsA, DAK, garR, glgA, glgB, hutG, hutH, hutI, hutU, ipdC, kdgK, MDH, menA, menB, mdoB, nadA, nadB, otsB, phoA/B, puuD, rspB, speG, thiF, thiH, treZ, ulaC, uxaA, uxaE, uxuA, uxuB, XDH, xfp, xylA and yicI. Additionally, 46 hypothetical genes are present in all members of the genus.
The type species is Mixta calida. In addition to the characteristics in the genus description, the following characteristics were inferred from the
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